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Localization of Atrial Fibrillation Triggers
in Patients Undergoing Pulmonary Vein Isolation
Importance of the Carina Region
Ermengol Valles, MD,*† Roger Fan, MD,* Jean François Roux, MD,* Christopher F. Liu, MD,*
John D. Harding, MD,* Sandhya Dhruvakumar, MD,* Mathew D. Hutchinson, MD,*
Michael Riley, MD,* Rupa Bala, MD,* Fermin C. Garcia, MD,* David Lin, MD,* Sanjay Dixit, MD,*
David J. Callans, MD,* Edward P. Gerstenfeld, MD,* Francis E. Marchlinski, MD*
Philadelphia, Pennsylvania; and Barcelona, Spain
Objectives This study sought to identify the origin within the pulmonary vein (PV) of reproducible atrial fibrillation (AF)
triggers.
Background Triggers for AF frequently originate from PVs. However, a systematic evaluation of the location of origin within
the PV orifice and associated techniques for eliciting triggers has not been performed.
Methods Spontaneous triggers and those provoked with isoproterenol (up to 20 g/min) and/or cardioversion in 45 pa-
tients with AF were identified using multipolar catheter recordings. In identifying origin, PVs were divided into 17
equal segments from ipsilateral PVs with “carina zone” (CZ) (7 segments between the PVs) and 10 “noncarina
zone” (NCZ) segments.
Results Sixty-three reproducible triggers were noted in 37 of the 45 (82%) patients with 57 from PV and 6 (10%) from
non-PV sites. Although triggers were identified from 26 of 34 distinct PV segments, most PV triggers (36, 63%)
originated from CZ segments (p  0.05) from both right (17 triggers) and left (19 triggers) PVs. The CZ triggers
were more often spontaneous (11 of 36 in CZ vs. 2 of 21 in NCZ; p  0.05) or elicited with CV (17 of 36 in CZ
vs. 6 of 21 in NCZ; p  0.05). In contrast, NCZ triggers were more likely to require isoproterenol to be provoked
(13 of 21 [62%] vs. 8 of 36 [22%], p  0.05).
Conclusions Reproducible spontaneous and provoked PV triggers initiating AF can be observed in most patients undergoing
AF ablation. These triggers most commonly originate from the carina region of both right and left PVs. Nonca-
rina PV triggers more commonly require provocation with isoproterenol infusion. (J Am Coll Cardiol 2008;52:
1413–20) © 2008 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2008.07.025t
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rtrial fibrillation (AF) is typically initiated by triggers
riginating in the pulmonary veins (PVs) (1). Our un-
erstanding of the anatomic and physiologic basis for
hese triggers is incomplete. It is assumed that these
riggers can occur from any region of the ostia of the PVs
nd almost all current strategies for AF ablation include
ircumferential PV ablation with the goal of disconnect-
ng the entire muscle sleeve entering the PV from the left
trium (LA). If PV triggers are localized to particular PV
egions, then it might be possible to preferentially target
rom the *Electrophysiology Section, Cardiovascular Division, Department of
edicine, University of Pennsylvania School of Medicine, Philadelphia, Pennsylva-
ia; and the †Universitat Autònoma de Barcelona, Barcelona, Spain.s
Manuscript received May 27, 2008; revised manuscript received June 23, 2008,
ccepted July 1, 2008.hese anatomic regions with additional radiofrequency
esions to prevent AF recurrence during PV isolation.
he purpose of this study was to identify the location of
V ectopy triggering AF. We hypothesized that PV
riggers might originate preferentially from specific ana-
omic locations, and that the location of origin of the
rigger might also dictate a relatively unique response to
aneuvers used to provoke the triggers.
ethods
tudy Subjects
orty-five consecutive patients with paroxysmal or per-
istent AF refractory to at least 1 antiarrhythmic drug and
eferred for ablative therapy were included in this pro-
pective study. There were no exclusion criteria. All
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Origin of Pulmonary Vein Triggers October 21, 2008:1413–20patients provided written in-
formed consent. All procedures
were performed following the
institutional guidelines of the
University of Pennsylvania Health
System.
All patients underwent trans-
thoracic echocardiogram and a
computerized tomography. Pa-
tients with persistent AF or in-
adequate anticoagulation therapy
underwent transesophageal echo-
cardiogram to exclude the pres-
nce of LA thrombus. Antiarrhythmic drug therapy was
iscontinued for at least 5 half-lives before the procedure.
apping Strategy
ur technique has been described previously (2–4). Briefly, a
-F decapolar catheter with 2/8-mm interelectrode spacing
nd proximal shocking coil for atrial defibrillation was placed in
he coronary sinus (CS) via the right internal jugular vein (St.
ude Medical, St. Paul, Minnesota). Another 6-F decapolar
atheter with 2/5-mm interelectrode spacing was placed verti-
ally along the posterior right atrium with the distal electrode
n the superior vena cava (SVC) (Bard, Murray Hill, New
ersey). An intracardiac ultrasound catheter (AcuNav, Acuson
nc., Mountain View, California) was placed in the right
trium at the level of the fossa ovalis for guidance and
onitoring during the procedure. Two transseptal punctures
ere performed. An 8-mm tip or a 3.5-mm irrigated tip
apping/ablation catheter (Biosense Webster Inc., Diamond
ar, California) and a decapolar circular mapping catheter
Biosense Webster Inc.) were advanced into the LA. The
natomy of the LA and the PVs was defined using the
agnetic electroanatomic mapping merged with computerized
omography (Carto Merge, Biosense Webster Inc.) and intra-
ardiac ultrasound in all patients.
tudy Protocol
egmentation of the PV ostium. To categorize the trigger
ocation, each PV was subdivided into 8 approximately
qual segments as shown in Figure 1. In addition, we
efined the zone between both ipsilateral PVs as carina,
hich was designated as a separate segment (Fig. 1). In the
ase of common ostium, we placed the circular mapping
atheter further into the vasculature to perform the segmen-
ation in the same manner as described previously.
efinitions. We defined the origin of a trigger for AF from
he PV when we were able to record the earliest local
ctivation from the circular mapping catheter placed at the
stium of the PV with activity recorded before the surface
-wave or any other intracardiac atrial electrogram from
oncircular catheter recordings by at least 60 ms (5). To
onsider the response as a reproducible AF trigger, the
rigger needed to initiate AF at least 3 times with the
Abbreviations
and Acronyms
AF  atrial fibrillation
CS  coronary sinus
CV  cardioversion
CZ  carina zone
LA  left atrium
NCZ  noncarina zone
PV  pulmonary vein
SVC  superior vena cavaame intracardiac activation sequence with at least 1 of ihe responses sustained (30 s). Reversal in activation
equence on any of the bipolar pairs of the circular
apping catheter with the PV potential preceding the
A potential was often observed when we defined a trigger
nd was used as a corroborative finding (6,7). We divided
he PV sites into 2 categories: carina zone (CZ) and
oncarina zone (NCZ). We defined CZ as all segments of
he superior and inferior PVs in contact with each carina, as
ell as the carina itself. We defined NCZ as all segments
ot in contact with the PV carina. Overall CZ consisted of
segments per ipsilateral PV pair (41% of segments), and
he NCZ consisted of 10 segments per ipsilateral PV pair
59% of segments) (Fig. 1). Reproducible non-PV triggers
ere identified using multipolar mapping/ablation cath-
ters as previously described (8).
dentification of triggers. PATIENTS IN SINUS RHYTHM.
nitially, the circular mapping catheter was placed at the left
uperior PV ostium and the ablation catheter at the right
uperior PV ostium. Catheters were then manipulated to
ecord the earliest onset of atrial activation triggering AF,
uided by the activation sequence on the intracardiac
atheters (9). A distal-to-proximal activation sequence in
he CS was suggestive of origin in left PVs. We localized the
rigger in the left superior PV when the first electrogram in
he circular mapping catheter preceded by at least 60 ms the
est of electrograms in both atria (Fig. 2). If the surround-
Figure 1
Internal View of the Right PVs
From LAO Projection of an Electroanatomic
Map Merged With Computerized Tomography
The distribution of the pulmonary vein (PV) segmentation is shown. Segments
adjacent to carina in between right PVs and carina itself (CZ) are enhanced
with a yellow shadow. Segments far from carina (NCZ) are enhanced with a
blue shadow. A  anterior; CZ  carina zone; I  inferior; IA  inferior-
anterior; IP  inferior-posterior; LAO  left anterior oblique; NCZ  noncarina
zone; P  posterior; S  superior; SA  superior-anterior; SP  superior-posterior.ng electrograms followed the first one by 60 ms, we
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October 21, 2008:1413–20 Origin of Pulmonary Vein Triggersoved the circular mapping catheter to the left inferior
V. To further delineate the exact origin of the PV
rigger within an ipsilateral vein set, we also recorded the
rigger with the circular mapping and the quadripolar
blation catheters in each ipsilateral PV. By requiring
eproducible triggers with a stable catheter position, we
liminated the recording of any triggers provoked by
atheter manipulation. An early activation recorded from
Figure 2 Identification of Origin of PV Trigger
Panels A and B show surface electrocardiographic (ECG) tracing and recordings fro
cava catheters. Panel E is a detailed image from panel B, showing the activation
trogram, which corresponds to bipole 7 to 8 of the circular catheter. Activation in t
ter. The blue arrow identifies the distal bipole of the coronary sinus catheter. Of n
an origin in the left PVs. Panels C and D are right anterior oblique (RAO) and LAO
the initiation of the atrial fibrillation. The trigger arose from the superior-posterior s
circular mapping catheter. Abbreviations as in Figure 1.he quadripolar catheter placed in the right PVs coupled aith a proximal-to-distal activation sequence in the CS
as suggestive of origin in the right PVs and/or less
requently in the right atrium. The origin of the trigger in
he right superior versus inferior PVs was identified as
escribed on the left PVs with direct and stable electrode
ecordings using the circular mapping and quadripolar
blation catheters. Assessment of the anatomic stability
f the catheter was confirmed using biplane fluoroscopy
ular mapping, ablation, coronary sinus, and posterior right atrium–superior vena
ce of the trigger inducing atrial fibrillation. Red arrows point to the earliest elec-
lation catheter is almost as early as in the earliest bipole of the circular cathe-
ere is bracketing in the activation sequence during the trigger beat, suggesting
copic projections, respectively, showing the placement of the catheters during
nt of the left superior PV, corresponding to the location of bipole 7 to 8 of them circ
sequen
he ab
ote, th
fluoros
egmend intracardiac ultrasound (Fig. 2).
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Origin of Pulmonary Vein Triggers October 21, 2008:1413–20ATIENTS IN AF. If the patient presented in AF during the
rocedure, electrical cardioversion (CV) was performed and
ny triggers leading to reinitiation of AF during the subse-
uent 5 min were identified.
nduction of triggers. PATIENTS IN SINUS RHYTHM. In the
bsence of spontaneous ectopy, a standardized protocol was
sed to provoke triggers. Incremental isoproterenol infusion
starting at 3, and increasing to 6, 12, and 20 g/min) was
erformed, limited only by hypotension, patient intolerance,
r onset of AF (10). If no ectopy was induced with
soproterenol, AF was induced with burst atrial pacing (15
eats at 250 ms cycle length, decreasing until shortest cycle
ength with 1:1 capture) followed by CV to provoke and
dentify the origin of AF triggers. If needed, we repeated the
urst atrial pacing and CV while the patient was on
soproterenol infusion at a 2 to 3 g/min infusion rate. We
ave previously documented (11) that we can elicit triggers
n 95% of patients using this approach.
ATIENTS IN AF. If no spontaneous triggers occurred after
he electrical CV of patients presenting in AF, then the
soproterenol infusion protocol noted earlier was followed.
After trigger localization, complete isolation of all PVs
as performed. Isolation was defined by the presence of
ntrance and exit block using previously defined criteria (4).
on-PV triggers were targeted with focal ablation (12)
nless the trigger was from the SVC, in which case the SVC
as isolated (13).
tatistical Analysis
esults are reported as mean  SD for all continuous
ata. We compared the relationship between the location
f origin of triggers and several different characteristics of
he patient population and the procedure using univariate
nalysis. The chi-square test was used for categorical
ariables. When n  5 for 1 or more variables, we used
he Fisher exact test. The Student t test was used for
omparison of normally distributed quantitative variables.
he results were considered statistically significant when
 0.05.
esults
linical characteristics. Forty-five patients (35 men, 78%)
ith paroxysmal (38 patients, 84%) or persistent (7 patients,
6%) AF were studied. The mean age of the population was
6  9 years. Thirteen patients (28%) had already under-
one at least 1 prior PV isolation procedure (Table 1).
lectrophysiological characteristics. Overall, we identi-
ed 63 triggers in 37 (82%) patients (1.7 triggers per
atient) during the AF mapping procedure. In 2 patients,
riggers occurred but did not meet the strict definition of a
consistent” trigger. In 6 patients, there were no triggers
dentified.
OCATION OF TRIGGERS. We identified 57 triggers aris-
ng from the PVs (90%), and 6 triggers (10%) originating irom non-PV sites (2 from crista terminalis, 2 from SVC,
from CS, and 1 from the posterior LA). The largest
umber of triggers came from the left superior PV (21
riggers), followed by the right superior PV (18 triggers)
Figs. 3 and 4).
The CZ demonstrated more triggers per segment com-
ared with the NCZ (2.6  2 triggers vs. 1  0.8 triggers
er segment, respectively; p 0.05). Overall, 63% of the PV
riggers (36 of the 57 triggers) were located in the CZ
espite the lesser number of CZ segments compared with
CZ (7 CZ segments per PV pair vs. 10 NCZ segments
er PV pair). There was an additional 160% risk for PV
riggers originating from the CZ. Of note, triggers were
ore common from the CZ in both right (17 triggers) and
eft (19 triggers) PVs (Fig. 3).
ELATIONSHIP OF PRESENCE OF TRIGGERS AND TRIGGER
OCATION TO CLINICAL VARIABLES. Triggers were ob-
erved more frequently in older patients (1.7 1 triggers vs.
.9  0.9 triggers per patient in patients age 55 years vs.
ge 55 years, respectively, p  0.05). There were no
ignificant differences between patients undergoing initial
nd repeat PV isolation with respect to the total number of
riggers (Table 2), the presence of non-PV triggers (12.5%
atients undergoing initial procedure vs. 15.5% patients
ndergoing repeat PV isolation; p  NS), or the number of
riggers per patient originating from the CZ (0.8  0.8 CZ
riggers vs. 0.8  1 CZ triggers per patient in patients
ndergoing initial procedure vs. repeat PV isolation, respec-
ively; p  NS). There were no differences in any other
linical or echocardiographic characteristic between patients
ith AF triggers from the CZ or NCZ (Table 2).
NDUCTION OF TRIGGERS. Of the 63 triggers, 15 were
bserved spontaneously and 18 during isoproterenol infu-
ion. The remainder of the 30 triggers were first identified
n patients who were in AF at the time of the procedure and
equired electrical CV (range 3 to 9 CV per patient) to
linical and Echocardiographic Characteristics
Table 1 Clinical and Echocardiographic Characteristics
Clinical characteristics
Age (yrs), mean SD 56.3 9
Gender (male/female) 35 (78%)/10 (22%)
Paroxysmal/persistent atrial fibrillation 38 (84%)/7 (16%)
First/second/third/fourth procedure 32 (72%)/6 (13%)/6 (13%)/1 (2%)
Previous typical flutter ablation 13 (29%)
Left ventricular dysfunction 10 (21%)
Coronary artery disease 9 (20%)
Hypertension 17 (38%)
Diabetes 3 (7%)
Smoking habit 4 (9%)
Echocardiographic characteristics
Left ventricular ejection
fraction, mean SD
58.6 8%
Left atrium enlargement (4 cm) 28 (67%)
Left atrium diameter (cm), mean SD 4.4 0.8dentify the origin of the trigger. Four of these triggers
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October 21, 2008:1413–20 Origin of Pulmonary Vein Triggersequired CV during low-dose isoproterenol infusion to be
licited.
IFFERENCES IN INDUCTION. The average isoproterenol
nfusion rate for attempted trigger provocation was 12.6
g/min. The need for isoproterenol depended on the
ocalization of triggers. Triggers localized to the CZ were
ore likely to be spontaneous (11 of the 36 CZ triggers vs.
of the 21 NCZ triggers; p  0.05) and were more likely
o require CV to be elicited (17 of the 36 CZ triggers vs. 6
f the 21 NCZ triggers; p  0.05). The NCZ triggers were
ore likely to need isoproterenol to be provoked (13 of the
1 NCZ triggers [62%] vs. 8 of the 36 CZ triggers [22%];
 0.05).
Patients undergoing a repeat procedure were more likely
o have spontaneously triggers than patients undergoing a
rst procedure (8 of 18 triggers [44%] vs. 7 of 45 triggers
16%], respectively; p 0.05), with 71% of the spontaneous
V triggers originating from the CZ. The proportion of
riggers induced after CV and after isoproterenol was not
tatistically different in patients undergoing a repeat versus a
rst procedure (33% vs. 53% with CV, pNS, and 28% vs.
7% with isoproterenol, p  NS, respectively).
blation considerations. All of the procedures included
roximal PV isolation, which was successfully performed for
78 of 180 veins. In 9 patients, we successfully isolated the
eft-sided PVs as a unit at its junction with the LA because
f left common vein anatomy. We also performed focal
blation of a posterior wall trigger in 1 patient, crista
erminalis in 2 patients, and CS in 1 patient, and isolated
Figure 3 Schematic Representation of the Distribution of All Tr
Pulmonary vein ostia have been segmented and are shown in a coronal view. The
zone triggers, and light blue dots correspond to noncarina zone triggers. The segm
vein; LSPV  left superior pulmonary vein; RIPV  right inferior pulmonary vein; RShe SVC in 2 patients. In 6 patients found to have typical Putter, we performed cavo-tricuspid isthmus ablation, ob-
aining bidirectional block in all cases. After the ablation
rocedure, isoproterenol infusion up to 20 g/min was
dministered, with no AF trigger or AF provoked in any
atient. There were no procedural complications.
BLATION OF TRIGGERS. Although this study was not
esigned to test a new ablation approach, 4 patients with
riggers in the CZ precipitating recurrent bursts of AF
uring the procedure had initial ablation lesions applied to
he CZ directed at the AF trigger in the process of PV
solation. In all 4 patients, AF terminated with the initial
adiofrequency application. Because this was a study not
eant to guide ablative therapy in terms of ablation strat-
gy, we completed the ablation isolating the entire PV in all
ases.
iscussion
lthough triggers from PVs are common, no systematic
valuation to define origin within the PV orifice has been
erformed. We report a systematic prospective evaluation of
he origin of the exit site of PV and non-PV triggers in
atients undergoing AF ablation. We observed that spon-
aneous or induced triggers were present in 82% of patients
ndergoing AF ablation. Most patients had more than 1
rigger, with an average of 1.7 anatomically distinct triggers
er patient. Thus, similarly to initial studies by Haïssaguerre
t al. (6), we observed that the majority of the patients have
ultiple triggers. Overall, 57 of 63 triggers originated from
s From the PVs
zone is enhanced with a blue shadow. Dark blue dots correspond to carina
are indicated in the same fashion as Figure 1. LIPV  left inferior pulmonary
right superior pulmonary vein; other abbreviations as in Figure 1.igger
carina
ents
PV Vs or their boundaries, supporting previous findings (6,14)
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Origin of Pulmonary Vein Triggers October 21, 2008:1413–20hat identified the PVs as the most important sites trigger-
ng AF. As previously described, the upper PVs contained
he majority of the AF triggers (1,6).
One of the most important findings in our current report
s the differential distribution of triggers within the PVs.
he percentage of sites containing AF triggers was signif-
cantly greater in the CZ than in the NCZ region of each
V. The CZ accounted for 63% of all the triggers arising
rom PV (36 of 57 triggers) despite the lesser number of
egions compared with NCZ regions (7 vs. 10 per ipsilateral
ein pair, respectively).
Overall, 33 of the reproducible triggers (52%) were
bserved without the need for CV. Many (18 of 33 triggers;
5%) required isoproterenol infusion to be provoked. The
emaining 30 triggers required CV of AF to occur, with 4
equiring low-dose isoproterenol infusion coupled with the
V. Haïssaguerre et al. (6) observed in patients with
aroxysmal AF that 65% required CV to provoke reproduc-
ble triggers. Moreover, according to our findings, most of
he patients in sinus rhythm required isoproterenol infusion
o localize triggers. Of note, we found that triggers from the
Z were significantly more likely to be induced without
soproterenol, suggesting greater activity in basal conditions
Figure 4 Identification of a Trigger Originating in the Superior-P
Panels A and B show the fluoroscopic image in LAO and RAO projections, respect
ostium and the ablation catheter is placed at the right carina. Panel C shows reco
6 to 7 of the circular catheter (red arrow). Panel D shows the detail of the circula
of the trigger from the superior-posterior segment of that ostium. If the earliest bip
PV, placing the ablation catheter in its ostium during the induction, were done. Abor inducing sustained AF. Furthermore, we observed that sriggers were more likely to be observed spontaneously in
atients undergoing a repeat compared with a first proce-
ure. These region-specific observations point to the carina
egion as a location with an apparently unique electrical
ehavior.
It is reasonable to speculate on the possible anatomic and
hysiologic basis for the described observations. Pulmonary
eins are complex structures under the influence of the
utonomic system. Both sympathetic and parasympathetic
timulation modulates firing within PVs (15–18). Kholova´
nd Kautzner (19) performed an elegant anatomic study
ith human autopsies, observing myocardial extensions
sleeves) in the majority of patients with AF. They found
ignificant interindividual and intraindividual variability in
he presence of sleeves as well as in their arrangement and
hickness (19). Unfortunately this study did not describe the
egional heterogeneity in terms of sleeve characteristics
long the different segments into the PV. Better under-
tanding of the autonomic input and its relationship with
he anatomy of the PVs will require additional investigation
o further understand the unique behavior of CZ as a
rigger.
linical implications. Complete isolation of PVs is the
rior Segment of the Left Superior PV
f the catheter location. The circular catheter is placed in the left superior PV
from circular and ablation catheters. The earliest electrogram is noted in bipole
ter in the left superior PV ostium in RAO projection. One can identify the origin
s localized to the carina region, maneuvers to rule out origin in the left inferior
ions as in Figures 1 and 2.oste
ively, o
rdings
r cathe
ole wa
breviattandard technique incorporated in most ablation proce-
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October 21, 2008:1413–20 Origin of Pulmonary Vein Triggersures for AF (4,20). However, reconnection of the PV at
he time of repeat procedures appears to be the rule, rather
han the exception (21,22). We have observed reconnection
n 61% of previously isolated arrhythmogenic PVs triggering
trial tachyarrhythmias and in 82% of patients at the time of
epeated PV isolation procedures (4). Lim et al. (23)
bserved that electrical reconnection occurred in all patients
ndergoing repeat ablation, with an average of 3 PVs
econnected per patient. Of note, more recently, Udyavar
t al. (24) have reported very successful acute PV isolation
esults (84 of 84 ipsilateral PV pairs) by targeting the carina
n those patients with persistence of conduction into the PV
fter circumferential ablation. In our opinion, it is frequently
ecessary to effectively isolate PVs to target within the
ircumferentially ablated ipsilateral veins in the carina re-
ion. Although this is performed with caution and concern
or the potential for PV orifice narrowing, this may appear
o be justified not only because it is required for effective
ein isolation but also because it may be effective for
argeting the source of the PV triggers. Given the current
ifficulty in achieving permanent PV isolation and the
romising results of the last study by Udyavar et al. (24), it
ay be prudent to concentrate efforts toward the most
rrhythmogenic zones of the PVs, delivering additional
esions to those areas most likely to serve as the source of AF
riggers. This hypothesis is at least consistent with some
linical observations that suggest that procedures not assess-
redictors of Triggers
Table 2 Predictors of Triggers
Average Total Number
of Triggers  SD p Value
Age, yrs 0.05
55 1.7 1
55 0.9 0.9
Gender NS
Male 1.4 1.4
Female 1.5 1
Procedure NS
First 1.4 1
Repeated 1.4 1.4
Type of atrial fibrillation NS
Paroxysmal 1.4 1.1
Persistent 1.3 1
Left ventricular ejection fraction, % NS
55 1.4 1.1
55 1.8 0.8
Left atrium diameter, cm NS
4 1.4 1
4 1.3 1.1
Hypertension NS
Yes 1.6 1
No 1.1 1.1
Coronary artery disease NS
Yes 1.1 0.8
No 1.5 1.1ng conduction block can be associated with a good clinical
fesponse (25). Our finding that the CZ is an important
ource of such PV triggers would suggest that additional
blation directed at these regions might decrease AF recur-
ence after ablation. Certainly additional study is warranted
ased on these unique observations.
tudy limitations. When recording PV triggers, we iden-
ified the site of earliest activation (exit) at the PV ostium as
he trigger location using a circular catheter. We did this
ecause this technique at the very least identifies the earliest
xit from a target originating deeper within the vein and,
herefore, is an appropriate potential ablation target. This
tudy did not attempt to identify the exact location of origin
f a PV trigger inside the branching PV architecture.
ecause identification of the trigger origin was based on a
ingle lasso recording coupled with the ablation catheter, it
s possible in selected patients that this recording technique
ay have not identified the exact origin of the PV trigger.
ore detailed recording techniques such as the use of the
ultipolar basket catheter and/or a double lasso catheter
echnique may further enhance the ability to precisely
dentify the trigger origin.
We also required a very reproducible pattern of trigger
nitiation that was observed remarkably in the majority of
atients. In doing so, we excluded the analysis of the origin
f the minority of less reproducible triggers. Despite our
eticulous research, we made the assumption that triggers
nduced by isoproterenol are clinically relevant, although
his has not been validated by recording of spontaneous
vents.
Finally, we did not perform a randomized study to
ssess the efficacy of delivering additional lesions in the
Z if a trigger was evident. Therefore, we cannot
onclude that such a strategy will decrease AF recurrence
fter ablation, and this hypothesis will require additional
rospective evaluation.
onclusions
riggers from the PVs triggering AF can be commonly
dentified in patients undergoing AF ablation procedures.
hese triggers most frequently originate in the carina region
f the PVs. In addition, the noncarina PV triggers more
ypically require the administration of isoproterenol, fre-
uently at high doses, to be initiated. These unique ana-
omic and physiologic observations related to AF triggers
rovide potential insight into the mechanism of efficacy of
artial PV disconnection and suggest an appropriate target
or additional ablation that may enhance the efficacy of PV
solation procedures.
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